EP 0 892 294 B1

) oo e IR
(19) o European Patent Office

Office européen des brevets (11) EP 0 892 294 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntcL”: G02B 6/42, G02B 6/32

of the grant of the patent:
06.11.2002 Bulletin 2002/45

(21) Application number: 98108031.0

(22) Date of filing: 02.05.1998

(54) A device for optical connection of an optical fibre, with another optical element
Vorrichtung zur optischen Verbindung einer Lichtleitfaser mit einem weiteren optischen Element

Dispositif pour la connexion optique d’une fibre optique avec un autre élément optique

(84) Designated Contracting States: (56) References cited:
ATCHDEFRGB IEITLINL EP-A- 0 519 219 EP-A- 0 759 568
(30) Priority: 18.07.1997 SE 9702754 * PATENT ABSTRACTS OF JAPAN vol. 014, no.
581 (P-1147), 26 December 1990 (1990-12-26) &
(43) Date of publication of application: JP 02 250010 A (NEC CORP), 5 October 1990
20.01.1999 Bulletin 1999/03 (1990-10-05)
* PATENT ABSTRACTS OF JAPAN vol. 016, no.
(60) Divisional application: 502 (P-1438), 16 October 1992 (1992-10-16) & JP
02011595.2 /1 239 313 04 181904 A (MITSUBISHI ELECTRIC CORP), 29
June 1992 (1992-06-29)
(73) Proprietor: Formex AB * PATENT ABSTRACTS OF JAPAN vol. 017, no.
334 33 Anderstorp (SE) 204 (P-1524), 21 April 1993 (1993-04-21) & JP 04
345109 A (NEC CORP), 1 December 1992
(72) Inventor: Foldi, Peter (1992-12-01)

330 12 Forsheda (SE)

(74) Representative: Linde, Leif
Vernamo Patentbyra AB,
Persegard
274 93 Skurup (SE)

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 0 892 294 B1 2

Description

[0001] The present invention relates to a device for
optical connection of an optical fibre with another optical
element, for example a lens.

[0002] In fibre optical systems there are at different
points required optical connections between the differ-
ent optical elements included in the system. Thus, there
are required optical connections between different
lengths of optical fibres, between an optical fibre and a
light source, for example a diode, between an optical
fibre and a light detector etc. Each connection must be
established while using very great accuracy if the losses
shall be kept at a minimum. Of course, the problem of
providing a correct connection is emphasized by the fact
that optical fibres have a very small cross sectional area
and that also small deviations from a correct position
between two fibre end portions which shall be connect-
ed with each other cause substantial losses. It is impor-
tant especially to avoid angular deviations between the
fibres, i.e. it is important that the fibres which are con-
nected with each other are positioned on the same op-
tical axis.

[0003] Different devices for providing a correct con-
nection of optical fibres with each other and with other
optical elements have been suggested. Such previously
known devices comprise lens systems in which the light
beam is magnified so that the light transmission in the
connection takes place at a sectional area which is mag-
nified several times providing for a corresponding reduc-
tion of the sensitivity to deviations from the correct po-
sition. Thereby, it is a drawback that the connection of
two fibre end portions to each other requires instead of
one single connection, i.e. the connection between the
fibre end portions, an optical connection of the fibre end
portions to one lens each and an optical connection of
the lenses to each other, i.e. three connections. There-
by, it is important that the optical fibres and the lenses
are positioned on the same optical axis as well as that
the end surfaces of the fibres are positioned in the focus
of the lens in question. Thus, the connections between
the optical fibres and the lenses constitute the most sen-
sitive parts of the connection system while the optical
connection of the lenses to each other can easily be pro-
vided without errors.

[0004] A previously known device for optical connec-
tion of an optical fibre with another optical element, pref-
erably a lens, comprises a substantially sleeve-shaped
retainer for fixing the optical fibre in a predetermined po-
sition in relation to reference surfaces formed on the re-
tainer. These reference surfaces comprise an end sur-
face of the retainer at which the end surface of the op-
tical fibre is intended to be positioned. The device further
comprises a connector element provided with engage-
ment surfaces adapted to engage the reference surfac-
es of the retainer for defining the position of the retainer
and thereby the optical fibre in relation to the device.The
engagement surfaces of the connector element com-
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prise a funnel-shaped engagement surface tapering
from the end surface of the retainer and adapted to en-
gage the end surface of the retainer. A device for optical
connection of an optical fibre with another optical ele-
ment of this kind is known from EP 0 759 568.

[0005] The object of present invention is to provide a
device of said kind, in which the determination of the
position of the end surface of the retainer in relation to
the engagement surfaces of the connector element and
thereby in relation to the other optical element, for ex-
ample the lens, presents greater accuracy than in pre-
viously known devices of said kind, so that the losses in
the connection between the optical fibre and the other
optical element, for example the lens, are reduced to a
minimum.

[0006] In order to comply with this object the device
for optical connection of an optical fibre with another op-
tical element, for example a lens, is in accordance with
the present invention characterized in that the end sur-
face of the retainer engages the funnel-shaped engage-
ment surface of the retainer element an an annular, nar-
row engagement surface.

[0007] This design of the end surface of the retainer
makes it possible to provide an exactly defined position
of the retainer and thereby of the optical fibre in the con-
nector element with regard to the position in axial direc-
tion as well as with regard to the position in radial direc-
tion. The funnel-shaped surface can be of conical de-
sign or can be of convex design. If the funnel-shaped
surface is of conical design it is preferred that the sur-
face has a cone angle exceeding 90° and for example
has a cone angle of about 172°.

[0008] The end surface of the retainer engaging the
engagement surface of the connector element can also
be of flat design and thereby, this flat surface preferably
has an outer edge portion formed with a radius, said
edge portion thereby constituting the part of the end sur-
face of the retainer, which engages the funnel-shaped
surface of the connector element.

[0009] The connector element has also a surface for
defining the position of the other optical element, for ex-
ample the lens, in relation to the end surface of the re-
tainer, and this surface for defining the position of the
other optical element is suitably constituted by a circular
edge surface formed with a radius.

[0010] The invention shall be described in the follow-
ing with reference to the accompanying drawings.
[0011] Fig. 1ais an axial section of a device according
to the invention for connecting an optical fibre with a
spherical lens.

[0012] Fig. 1b is a detail of the device according to
Fig. 1a on an enlarged scale.

[0013] Figs. 2 - 4 show details of modified embodi-
ments of the device according to the invention corre-
sponding to Fig. 1b.

[0014] The device according to the invention is adapt-
ed to be included a system for connecting an optical fibre
with another optical fibre, in which system the optical
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fibres are connected with one lens each, so that the
transmission of the light between the optical elements
takes place through the lenses. The embodiment of a
device according to the invention schematically shown
in section in Fig. 1a is used for connecting an optical
fibre 2 with a spherical lens 4. The end portion of the
optical fibre 2 is enclosed in a fibre retainer 6 designed
as a sleeve. The fibre retainer 6 is cylindrical along the
main portion of its outer surface and has at its right end
in the figure a spherical reference surface 8.

[0015] The optical fibre 2 is fixed in the fibre retainer
6 in a manner known per se, for example by means of
an adhesive, the end surface of the optical fibre 2 being
positioned in the same plane as the spherical end sur-
face 8 of the retainer 6. A correct position of the end
surface of the optical fibre 2 can be provided by fixing
the fibre with the end portion thereof projecting some-
what outside the spherical end surface 8, whereupon
the fibre is ground to the plane of the end surface 8.
When the end surface of the fibre 2 is positioned in the
plane of the spherical end surface 8, the end surface of
the fibre 2 will be related to the spherical reference sur-
face 8 in a predetermined way.

[0016] The device for optical connection of the optical
fibre 2 with the spherical lens 4 comprises in addition to
the retainer 6 a connector element 10. The connector
element 10 is provided with surfaces for determining the
relative position between the retainer 6 and thereby the
optical fibre 2 and the spherical lens 4. The surface of
the connector element 20 for defining the position of the
fibre retainer 6 and thereby the optical fibre 2 is consti-
tuted by a funnel-shaped engagement surface 12 taper-
ing in the direction from the retainer 6.

[0017] In the embodiment according to Figs. 1a and
1b the engagement surface 12 is of conical design hav-
ing an angle a according to Fig. 1b of 3 - 4°, i.e. a cone
angle of 172 - 174°. As a consequence of the spherical
design of the end surface 8 of the retainer 6 and the
conical design of the engagement 12 of the connector
element 10 the retainer 6 will at its end surface 12 en-
gage the engagement surface 12 of the connector ele-
ment 10 along an annular, narrow, substantially line-
shaped engagement surface 14 forming an extremely
well defined engagement position for the retainer 6 in
the connector element 10.

[0018] The surface for defining the position of the
spherical lens 4 in the connector element 10 and thereby
for defining the relative position between the optical fibre
2 and the spherical lens 4 is constituted by a circular
edge surface 16 formed with a radius. The circular edge
surface is formed with a radius of about 0,25 mm and
provides an extremely accurate determination of the po-
sition of the spherical lens 4 without damaging the sur-
face of the spherical lens by subjecting the surface to
too great stresses.

[0019] The fibre retainer 6 and the spherical lens 4
are maintained in firm engagement with the conical en-
gagement surface 12 and the edge surface 16 formed
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with a radius, respectively, by means of arrangements
not shown in detail. In respect of the fibre retainer 6
these arrangements can be constituted by a convention-
al nut sleeve engaging a shoulder on the fibre retainer
6, not shown in the drawing, while said arrangement in
respect of the spherical lens 4 can be constituted by a
threaded spigot threaded into the connector element 10
and having at its surface adapted to engage the spher-
ical lens 4 a ring consisting of elastic material elastically
forcing the spherical lens 4 against the surface 14.
[0020] The conical surface 12 and the edge surface
16 formed with a radius are positioned in relation to each
other so that the optical fibre 2 and the spherical lens 4
are positioned on the same optical axis and at such an
axial distance from each other that the end surface of
the optical fibre 2 is in the focus of the spherical lens 4,
when the spherical reference surface 8 and the spheri-
cal lens 4 engage their respective surfaces. Thus, the
optical connection between the optical fibre 2 and the
spherical lens 4 is established through a substantially
cylindrical opening 18 in the connector element 10, said
opening 18 extending between the end surface 8 of the
retainer 6 and the spherical lens 4.

[0021] As a consequence of the described engage-
ment between the end surface 8 of the retainer 6 and
the engagement surface 12 of the connector element
10 there is provided an extremely accurate determina-
tion of the position of the retainer 6 in the connector el-
ement 10 with regard to the axial position of the retainer
as well as the radial position of the retainer in the con-
nector element 10.

[0022] Like the embodiment of the device according
to the invention shown in Figs. 1a and 1b the embodi-
ment of the device shown in Fig. 2 comprises a retainer
6a for an optical fibre 2a. Like the embodiment accord-
ing to Fig. 1a and 1b the retainer 6a has a spherical end
surface 8a. The device according to Fig. 2 differs from
the device according to Figs. 1 a and 1 b with regard to
the design of the engagement surface 20 of the connec-
tor element 10a, which surface is engaged by the spher-
ical end surface 8a of the retainer 6a. Thus, the engage-
ment surface 20 is in the embodiment according to Fig.
2 tapering in a funnel-shaped way from the end surface
8a of the retainer 6a at a somewhat convex shape of
said surface. This provides for an annular, substantially
line-shaped engagement surface 21 between the end
surface 8a and the engagement surface 20, which is
more narrow than the engagement surface 14 in the em-
bodiment according to Figs. 1a and 1b thereby providing
for an even more accurately defined position of the re-
tainer 6a in the connector element 10a.

[0023] The embodiment of the device according to the
invention shown in Fig. 3 comprises a retainer 22 for the
optical fibre 2b, in which the end surface 24 of the re-
tainer 22 is of substantially flat design having an outer
edge portion 26 formed with a radius. Preferably, the ra-
dius of the outer edge portion 26 is about 0,1 mm. The
engagement surface 28 of the connector element 6b is
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of substantially the same design as the engagement
surface 12 in the embodiment according to Figs. 1a and
1b, i.e. the engagement surface 28 is an annular, conical
surface having a cone angle of 172-174°. Also in this
embodiment of the device according to the invention
there is provided between the retainer 22 and the con-
nector element 6b an annular, narrow, substantial line-
shaped engagement surface 30 which in an extremely
accurately defined way defines the position of the re-
tainer 22 in the connector element 6b with regard to the
position in the axial direction as well as the position in
the radial direction.

[0024] In the embodiment according to Fig. 4 the re-
tainer 22a is designed in the same way as the retainer
22 according to the embodiment of Fig. 3, i.e. the retain-
er has a flat end surface 24a with an outer edge portion
26a formed with a radius. In this embodiment of the de-
vice according to the invention the engagement surface
32 of the connector element 6¢ is in a funnel-shaped
way tapering in the direction from the retainer 22a at a
somewhat convex design. In this respect the embodi-
ment according to Fig. 4 is an agreement with the em-
bodiment according to Fig. 2, even if the convex surface
32 forms a somewhat greater angle with the diametrical
plane than the surface 20 in the embodiment according
to Fig. 2. Also in the embodiment according to Fig. 4
there is provided an annular, narrow, substantially line-
shaped engagement surface 34 between the retainer
22a and the engagement surface 32 of the connector
element 6c¢.

[0025] Theinvention can be modified within the scope
of the following claims and is applicable in different com-
binations of connections between optical fibres and oth-
er optical elements.

Claims

1. Adevice for optical connection of an optical fibre (2)
with another optical element, for example a lens (4),
comprising a substantially sleeve-shaped retainer
(6) for fixing the optical fibre in a predetermined po-
sition in relation to reference surfaces on the retain-
er, said reference surfaces comprising an end sur-
face (8; 24) on the retainer at which the end surface
of the optical fibre is intended to be positioned, and
further comprising a connector element (10) having
engagement surfaces adapted to engage the refer-
ence surfaces of the retainer for defining the posi-
tion of the retainer and thereby the optical fibre in
relation to the device, in which the engagement sur-
faces of the connector element comprises a funnel-
shaped engagement surface (12; 20; 28; 32) taper-
ing in the direction from the end surface of the re-
tainer (6) and adapted to engage the end surface
(8; 24) of the retainer, characterized in that the end
surface (8; 24) of the retainer (6) engages the fun-
nel-shaped engagement surface (12; 20; 28; 32) of
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10.

1.

12.

the retainer element (16) at an annular, narrow en-
gagement surface (14; 21; 30; 34).

A device as claimed in claim 1, characterized in
that the funnel-shaped engagement surface (12;
28) is of conical design.

A device as claimed in claim 2, characterized in
that the conical surface (12; 28) has a cone angle
exceeding 90°.

A device as claimed in claim 3, characterized in
that the conical surface (12; 28) has a cone angle
of about 172°.

A device as claimed in claim 1, characterized in
that the funnel-shaped engagement surface (20;
32) is of convex shape.

A device as claimed in any of the preceding claims,
characterized in that the end surface (8) of the re-
tainer (6), which engages the engagement surface
(12; 20) of the connector element is of substantially
spherical shape.

A device as claimed in any of claims 1 - 5, charac-
terized in that the end surface (24) of the retainer
(6), which engages the engagement surface (28;
32) of the connector element is of substantially flat
shape.

A device as claimed in claim 7, characterized in
that the substantially flat end surface (24) of the re-
tainer (16) has an outer edge portion (26) formed
with a radius.

A device as claimed in any of the preceding claims,
characterized in that the connector element (10)
has a surface (16) for defining the position of the
other optical element, for example the lens (4), in
relation to the end surface (8; 24) of the retainer (6).

A device as claimed in claim 9, in which the other
optical element is constituted by a spherical lens
(4), characterized in that the surface of the con-
nector element (10) for defining the position of the
spherical lens (4) in relation to the end surface (8;
24) of the retainer (6) is constituted by a circular
edge surface (16) formed with a radius.

A device as claimed in claim 10, characterized in
that the circular edge surface (16) is formed with a
radius having a magnitude of about 0,25 mm.

A device as claimed in any of the preceding claims,
characterized in that the connector element (10)
is formed with an opening (18) extending between
the end surface (8; 24) of the retainer (6) and the
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other optical element (4).

Patentanspriiche

1.

Vorrichtung zum optischen Verbinden einer opti-
schen Faser (2) mit einem anderen optischen Ele-
ment, beispielsweise einer Linse (4), die einen im
Wesentlichen hiilsenférmigen Halter (6) zum Fixie-
ren der optischen Faser in einer vorgegebenen Po-
sition in Bezug auf Bezugsflachen an dem Halter
umfasst, wobei die Bezugsflachen eine Endflache
(8; 24) an dem Halter umfassen und die Endflache
der optischen Faser an dieser Endflache positio-
niert werden soll, und die des Weiteren ein Verbin-
derelement (10) mit Eingriffsflachen umfasst, die
mit den Bezugsflachen des Halters in Eingriff kom-
men, um die Position des Halters und damit der op-
tischen Faser in Bezug auf die Vorrichtung zu be-
stimmen, wobei die Eingriffsflachen des Verbinder-
elementes eine trichterfdrmige Eingriffsflache (12;
20; 28; 32) umfassen, die sich in der Richtung von
der Endflache des Halters (6) weg verjlingt und mit
der Endflache (8; 24) des Halters in Eingriff kommit,
dadurch gekennzeichnet, dass die Endflache (8;
24) des Halters (6) an einer ringférmigen, schmalen
Eingriffsflache (14; 21; 30; 34) mit der trichterférmi-
gen Eingriffsflache (12; 20; 28; 32) des Halterele-
mentes (16) in Eingriff kommt.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass die trichterférmige Eingriffsflache
(12; 28) konischen Aufbau hat.

Vorrichtung nach Anspruch 2, dadurch gekenn-
zeichnet, dass die konische Flache (12; 28) einen
Konuswinkel von mehr als 90° hat.

Vorrichtung nach Anspruch 3, dadurch gekenn-
zeichnet, dass die konische Flache (12; 28) einen
Konuswinkel von ungefahr 172° hat.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass die trichterférmige Eingriffsflache
(20; 32) konvexe Form hat.

Vorrichtung nach einem der vorangehenden An-
spruche, dadurch gekennzeichnet, dass die End-
flache (8) des Halters (6), die mit der Eingriffsflache
(12; 20) des Verbinderelementes in Eingriff kommt,
im Wesentlichen Kugelform hat.

Vorrichtung nach einem der Anspriiche 1 - 5, da-
durch gekennzeichnet, dass die Endflache (24)
des Halters (6), die mit der Eingriffsflache (28; 32)
des Verbinderelementes in Eingriff kommt, im We-
sentlichen plane Form hat.

10

15

20

25

30

35

40

45

50

55

8.

10.

11.

12.

Vorrichtung nach Anspruch 7, dadurch gekenn-
zeichnet, dass die im Wesentlichen plane Endfla-
che (24) des Halters (16) einen aufReren Randab-
schnitt (26) aufweist, der mit einem Radius verse-
hen ist.

Vorrichtung nach einem der vorangehenden An-
spriiche, dadurch gekennzeichnet, dass das Ver-
binderelement (10) eine Flache (16) aufweist, die
die Position des anderen optischen Elementes, bei-
spielsweise der Linse (4), in Bezug auf die Endfla-
che (8; 24) des Halters (6) bestimmt.

Vorrichtung nach Anspruch 9, wobei das andere op-
tische Element durch eine spharische Linse (4) ge-
bildet wird, dadurch gekennzeichnet, dass die
Flache des Verbinderelementes (10), die die Posi-
tion der sphéarischen Linse (4) in Bezug auf die End-
flache (8; 24) des Halters (6) bestimmt, durch eine
kreisféormige Randflache (16) gebildet wird, die mit
einem Radius versehen ist.

Vorrichtung nach Anspruch 10, dadurch gekenn-
zeichnet, dass die kreisférmige Randflache (16)
mit einem Radius mit einer Gro6Re von ungefahr
0,25 mm versehen ist.

Vorrichtung nach einem der vorangehenden An-
spriiche, dadurch gekennzeichnet, dass das Ver-
binderelement (10) mit einer Offnung (18) versehen
ist, die sich zwischen der Endflache (8; 24) des Hal-
ters (6) und dem anderen optischen Element (4) er-
streckt.

Revendications

Dispositif pour la connexion optique d'une fibre op-
tique (2) avec un autre élément optique, par exem-
ple une lentille (4), comprenant un arrétoir sensible-
ment en forme de manchon (6) destiné a fixer la
fibre optique dans une position prédéterminée par
rapport a des surfaces de référence sur l'arrétoir,
lesdites surfaces de référence comprenant une sur-
face d'extrémité (8 ; 24) sur l'arrétoir au niveau de
laquelle la surface d'extrémité de la fibre optique est
destinée a étre positionnée, et comprenant en outre
un élément connecteur (10) ayant des surfaces
d'engagement adaptées pour s'engager avec les
surfaces de référence de I'arrétoir pour définir la po-
sition de l'arrétoir et, partant, celle de la fibre optique
par rapport au dispositif, dans lequel les surfaces
d'engagement de I'élément connecteur compren-
nent une surface d'engagement en forme d'enton-
noir (12 ; 20 ; 28 ; 32) se rétrécissant a partir de la
surface d'extrémité de l'arrétoir (6) et adaptée pour
s'engager avec la surface d'extrémité (8 ; 24) de
I'arrétoir, caractérisé en ce que la surface d'extré-



10.

1.

9 EP 0 892 294 B1 10

mité (8 ; 24) de I'arrétoir (6) s'engage avec la surfa-
ce d'engagement en forme d'entonnoir (12 ; 20;
28 ; 32) de I'élément arrétoir (16) au niveau d'une
surface d'engagement étroite annulaire (14 ; 21;
30; 34).

Dispositif selon la revendication 1, caractérisé en
ce que la surface d'engagement en forme d'enton-
noir (12 ; 28) est de profil conique.

Dispositif selon la revendication 2, caractérisé en
ce que la surface conique (12 ; 28) a un angle co-
nique dépassant 90°.

Dispositif selon la revendication 3, caractérisé en
ce que la surface conique (12 ; 28) a un angle co-
nique d'environ 172 °.

Dispositif selon la revendication 1, caractérisé en
ce que la surface d'engagement en forme d'enton-
noir (20 ; 32) est de forme convexe.

Dispositif selon I'une quelconque des revendica-
tions précédentes, caractérisé en ce que la surfa-
ce d'extrémité (8) de I'arrétoir (6), qui s'engage avec
la surface d'engagement (12 ; 20) de I'élément con-
necteur, est de forme sensiblement sphérique.

Dispositif selon I'une quelconque des revendica-
tions 1 a 5, caractérisé en ce que la surface d'ex-
trémité (24) de Il'arrétoir (6), qui s'engage avec la
surface d'engagement (28 ; 32) de I'élément con-
necteur, est de forme sensiblement plate.

Dispositif selon la revendication 7, caractérisé en
ce que la surface d'extrémité sensiblement plate
(24) de l'arrétoir (16) a une partie de bord extérieur
(26) pourvue d'un rayon.

Dispositif selon I'une quelconque des revendica-
tions précédentes, caractérisé en ce que I'élément
connecteur (10) a une surface (16) destinée a défi-
nir la position de l'autre élément optique, par exem-
ple lalentille (4), par rapport a la surface d'extrémité
(8 ; 24) de I'arrétoir (6).

Dispositif selon la revendication 9, dans lequel
l'autre élément optique est constitué d'une lentille
sphérique (4), caractérisé en ce que la surface de
I'élément connecteur (10) destinée a définir la po-
sition de la lentille sphérique (4) par rapport a la sur-
face d'extrémité (8 ; 24) de I'arrétoir (6) est consti-
tuée d'une surface a bord circulaire (16) pourvue
d'un rayon.

Dispositif selon la revendication 10, caractérisé en
ce que la surface a bord circulaire (16) est pourvue
d'un rayon ayant une dimension d'environ 0,25 mm.
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12. Dispositif selon lI'une quelconque des revendica-

tions précédentes, caractérisé en ce que I'élément
connecteur (10) est pourvu d'une ouverture (18)
s'étendant entre la surface d'extrémité (8 ; 24) de
I'arrétoir (6) et I'autre élément optique (4).
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